Objective-To determine whether more frequent engagement in larger social networks, and more emotional support protect against cognitive and functional decline with aging.
INTRODUCTION
Research has suggested that social interaction protects against cognitive decline. The aging of the population makes this an important issue. Thirty-one million Americans will live alone in 2010 -a 40% increase since 1980 (Cacioppo, Hawkley 2003) . Two longitudinal studies found that limited social contacts were associated with increased risk of cognitive decline or dementia (Bassuk, Glass & Berkman 1999 , Fratiglioni et al. 2000 . Others found no evidence that larger networks predicted better maintenance of cognition after 7 years (Glei et al. 2005) . Seeman et al. found that neither social ties nor group participation affected cognition after 7.5 years (Seeman et al. 2001 ).
Most studies have had short follow-up or used assessments insensitive to the detection of milder cognitive impairment. Subsequently, the reverse causality question remains unanswered: is limited social contact a risk factor for cognitive decline, or a prodromal feature? Here we expand on earlier work from the Baltimore ECA that suggested more interpersonal activity and emotional support were cross-sectionally associated with better cognitive performance, while larger social networks predicted lower odds of cognitive decline over 12 years (Holtzman et al. 2004) . We hypothesized that larger networks, more frequent contact, and more emotional support would correlate with better maintenance of cognition and function over the subsequent decade. Evidence of such an association would lead to enhanced efforts to keep people engaged as they age.
METHODS

Study population
Data were from the Baltimore ECA follow-up study, described in detail elsewhere (Eaton et al. 1997 ). Probability sampling was used to identify 3,481 adults aged ≥18 in eastern Baltimore interviewed at wave 1 (1981). Wave 2 was conducted one year later. Of the original participants, 1,920 were re-interviewed at wave 3 (1993-1996) , and 1,071 at wave 4 (2004-2005) . The Johns Hopkins Bloomberg School of Public Health Committee on Human Research approved the study. To facilitate examination of change over the decade, only respondents with cognitive scores at waves 3 and 4 were included in the present analysis (n=874 persons).
Exposure assessment: social networks
We assessed network size, frequency of interaction, emotional support, and a composite social network measure. Network size constituted (1) the number of relatives outside the home and (2) the number of friends/neighbors with whom the respondent communicated by telephone or visits during the past six months. Response choices were 0, 1, 2-3, 4-5, 6-10, and ≥11. Within each domain (i.e., family or friends), these responses were assigned scores of 0-5 (i.e., 0=0, 1=1, 2-3=2, etc.) and the two domains were summed (range 0-10).
Frequency of interaction was assessed by asking how often respondents talked on the phone/ visited with (1) relatives outside the home and (2) friends. Choices were "never," "less than once a month," "about once a month," "a few times a month," "a few times a week," and "most every day." These were scored 0-5, within each domain, and the two domains were summed (range 0-10).
Emotional support was assessed by asking: (1) How much does your (husband/wife/partner) really care about you? (2) How much can you rely on your (husband/wife/partner) for help with a serious problem? And, (3) How much can you relax and be yourself around your (husband/wife/partner)? Choices were "not at all," "a little " "some," or "a lot" (scored 0-3). The three items were repeated for other relatives and for friends, and summed (range 0-27). 365 unmarried respondents lacked data for the items relating to emotional support from a spouse/partner, so we multiplied their emotional support scores by 1.5.
Network size, frequency of contact and emotional support were only moderately correlated (pairwise correlation coefficients 0.27-0.36, p<0.001), so a composite social network measure was created by adding the scores for these variables (range 0-47).
Outcome assessment: cognition and functional status
At waves 3 and 4, we assessed total MMSE score (range 0-30) and delayed recall. A validated, widely used screening instrument for global cognitive impairment, the MMSE was administered using standard procedures at all study waves (Folstein, Folstein & McHugh 1975) .
A delayed recall task was administered at waves 3 and 4 (Cornoni-Huntley et al. 1993) .Impairment in delayed recall is a sensitive indicator of dementia. Participants listened to 20 common words then recalled them in any order. After 20 minutes, they recalled the same list again. The total number of correct words recalled after the delay was scored.
Functional status was assessed on six items from the Lawton-Brody Instrumental Activities of Daily Living (IADL) (Lawton, Brody 1969) : ability to use a telephone, prepare meals, clean the house, and manage finances (each scored 0-2, with lower scores indicating more disability). Additionally, respondents were asked about their ability to shop for groceries and use public transportation (each scored 0-3, with lower scores indicating more disability). Scores for each task were summed (range 0-14). These items were re-scaled from the original survey so that higher scores would correspond with better functional status.
Covariates
The following variables were included in adjusted analyses as potential confounders. They had cross-sectional associations at wave 3 (p≤0.01) with social networks, cognition, or IADLs, and/or were established risk factors for cognitive decline: race, sex, age, education, past year household income, depressive symptomatology, lifetime alcohol use disorder, ability to perform activities of daily living (ADLs) and cerebrovascular disease (CVD).
Depressive symptomatology was assessed at wave 3 by asking respondents to rate feelings of unhappiness, depression, worthlessness, and hopelessness over the past few weeks (Goldberg, Hillier 1979) . Each of these questions was scored 0-3 ("not at all," "no more than usual," "more than usual," or "much more than usual") and summed for an overall dysphoria measure. Participants were considered to have CVD risk factors at wave 3 if they reported having ever been diagnosed with diabetes, "heart trouble," stroke, or hypertension.
The presence of lifetime alcohol use disorder at wave 3 was assessed using Diagnostic and Statistical Manual of Mental Disorders criteria (American Psychiatric Association 1987). Physical disability was ascertained through self-reported difficulty with ADLs including eating, transferring from bed, toileting, dressing, bathing (Katz et al. 1963) , carrying a bag of groceries, picking up a shoe from the floor, reaching, and grasping. Each item was scored 0-2, with lower scores indicating more disability, and the nine measures were summed (range 0-18). As with IADLs, these items were re-scaled from the original survey so that high scores would correspond with better functional status.
Statistical analyses
We compared at wave 1 all participants included in these analyses to those who were not (because of loss to follow-up or missing cognitive data at wave 3 or 4) on sociodemographic and health measures. We used t-tests for continuous variables and chi-square tests for categorical ones. To examine longitudinal associations between social networks and cognition, we used univariate and multiple linear regression. The dependent variable was an individual change score for MMSE, delayed recall or IADLs (wave 3 minus wave 4). We initially used dummy variables to represent quintiles of each social network measure. There were no significant departures from linearity, so social network variables were modeled continuously to maximize use of available data. Coefficients represent the magnitude of change in MMSE, delayed recall and IADLs over 10.9 years, associated with a 1-point increase in social network measures. Positive coefficients reflect greater cognitive and functional decline. Analyses were performed using Stata 9.2 (Stata Corporation, College Station, TX).
RESULTS
Assessed and nonassessed cases
874 participants who provided data on MMSE and delayed recall at waves 3 and 4 comprised the study population. Compared with those who were lost to follow-up or had missing cognitive data, the assessed participants were younger at wave 1 and had more education, higher income, and higher MMSE scores (p≤0.01; Table 1 ).
At wave 3, the average age of participants included in this analysis was 47.3 years (Table 2) . Only 3 participants had no contact with relatives or friends outside the home during the previous 6 months.
Cross-sectional analyses
Larger social networks were cross-sectionally associated with higher MMSE scores at wave 3 (Table 3) , even after adjustment (p=0.019). Emotional support and the composite social network measure were positively associated with MMSE before adjustment (p≤0.025). MMSE was not associated with frequency of social contact.
Larger social networks were cross-sectionally associated with better delayed recall before and after adjustment (p=0.014). Additionally, emotional support, and the composite social network measure, were positively associated with delayed recall before adjustment (p≤0.0001). Delayed recall was not associated with frequency of contact.
Greater levels of emotional support were cross-sectionally associated with less IADL impairment before and after adjustment (p=0.044). IADLs were not associated with any other social network measures at wave 3.
Longitudinal analyses
Our primary goal was to examine whether social networks were longitudinally associated with cognition. In general, we did not find significant associations between baseline social network factors and change in MMSE (Table 4) , delayed recall (Table 5) , or IADLs (Table 6 ). There were two counter-intuitive exceptions: after adjustment for sociodemographic variables, participants with more frequent contacts at baseline exhibited greater decline in delayed recall between waves 3 and 4 (p=0.042). This association became marginally non-significant after inclusion of health factors (p=0.057). Additionally, individuals with more emotional support at baseline exhibited greater decline in IADLs after adjustment (p=0.003).
DISCUSSION
We investigated associations between social networks and cognition in a community-based cohort over 10.9 years. While a clear cross-sectional association existed at baseline, there was no evidence that social contact conferred protection against later cognitive decline. If anything, individuals with more frequent contacts and better emotional support at baseline had greater decline, after adjustment. Together, these data suggest that social network changes may be the consequence rather than the cause of cognitive decline, although this conclusion is premature based on these results alone.
One explanation for these findings is that quality of social engagement is more important than quantity. We did not examine the nature and complexity of interactions. Effortful mental activities such as crossword puzzles may prevent cognitive deterioration (Verghese et al. 2003) , perhaps by increasing the number of neocortical synapses and improving neuronal networking (Orrell, Sahakian 1995) , but findings concerning social networks are mixed. This may reflect that one can be surrounded by others but not engaged, particularly for individuals on the cusp of mental decline. For example, one study found that activities requiring creativity and initiative, such as gardening and traveling, reduced the risk of incident dementia within 3 years. Less cognitively demanding activities such as visiting friends and watching television were not protective (Fabrigoule et al. 1995) .
The longitudinal results contradict earlier findings from the Baltimore ECA that suggested an association between larger network size and better cognition (Holtzman et al. 2004 ). This may be because the earlier analysis used data from the first 12 years, while we restricted our sample to respondents who remained in the study for two decades. This subgroup of survivors differed significantly from individuals lost to follow-up. The present analysis also included many younger participants, potentially masking any effect of social networks on cognition. A future study focusing on older persons, who are likely to experience greater cognitive change during the follow-up period than younger individuals, might reveal a longitudinal association between frequency of social contact, emotional support, and cognition.
Our findings concur with other negative studies (Glei et al. 2005 , Seeman et al. 2001 . Previous investigations reporting a positive association had short follow-up (Fratiglioni et al. 2000) or used cognitive instruments unable to detect mild deficits. Thus, respondents may have been misclassified as cognitively intact when their social withdrawal resulted from emerging mental decline (Bassuk, Glass & Berkman 1999) . We attempted to clarify this issue by using delayed recall, a highly sensitive measure of cognitive dysfunction, and following participants for 10.9 years.
Another possible explanation for our results is the limited variability of social network characteristics in the study population, which reduced the likelihood of detecting an association. Lastly, social networks may primarily affect aspects of cognition that the MMSE and delayed recall task do not assess well, such as executive functioning.
This study has many strengths, including a large, population-based sample, many person-years of follow-up, and the use of two different cognitive assessments, including a sensitive delayed recall task. The major limitation was the use of "survivor" data.
Our results provide no evidence that social network characteristics prevent cognitive decline. Additional longitudinal studies can clarify whether specific aspects of social participation, such as interactive mentally stimulating activities, are beneficial. Conclusive evidence of an association would support the creation of social interventions for aging individuals.
Key points:
1. A longitudinal study shows that social networks do not protect against cognitive and functional decline with aging.
2.
However, a clear cross-sectional association exists between social network size and cognitive function.
3. This suggests that changes in social network characteristics may be the consequence, rather than the cause, of cognitive and functional decline. Mean MMSE, 0-30 (SD) 27.4 (3.37) 28.9 (1.50) 1×10 2 Coefficient reflects the effect of a 1-point increase in emotional support on IADLs. Table 4 Associations between wave 3 social network characteristics and change in MMSE (ΔMMSE) 3 Adjusted for age, sex, race, education and household income.
4
Adjusted for above plus CVD or risk, depressive symptoms, lifetime alcohol abuse or dependence, and ADL disability.
Table 5
Associations between wave 3 social network characteristics and change in delayed recall (Δdelayed recall)
Model 1 1,2
Model 2 3
Model 3 3 Adjusted for age, sex, race, education and household income.
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Table 6
Associations between wave 3 social network characteristics and change in IADL (ΔIADL) 3 Adjusted for age, sex, race, education and household income.
4
